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HVLLS O P E R A T I N G  AT 5 O k l  SPEEDS IN WAVXS* 

B~ F. W. S .  L o c k e ,  J r -  

T e s t s  were r u n  i n  t h e  G x p e r i m e n t a l  TowT2g Tank a t  
t h e  S t e v e n s  I n s t i t u t e  o f  T e c h c o l o g y  on x o e i e l s  o f  t w o  fly- 
i n g  b o a t s ,  $he X P 3 2 K - 1  nnd t h e  XT33-1, on a r n o d e l  o f  a 
f l y i n g  b o a t  t h a t  a t  p r e s e n t  i s  i n  t h e  d e s i g n  s t a g e ,  t h e  
" J R M - 1 , "  and on I1 o t n e z  s o d e k s  d e r i v e d .  f r o m  tl;e XPB2iJi-1 
t o  d e t e r m i n e  t h e  e f f e c t  o f  301.r f o r a  o n  t h e  ai?~i;nt o f  $ F r a y  
t h r o w n  o n 5 0  t h e  w i n d s h i e l d  sf a f l y i n g  S o a t  i n  ro t lgh  v z t e r  
a t  l o w  t a x y i n g  s p e e d s .  The variables s t K d i e d  i n c l u d e  t h e  
e f f e c t  o f  l ength-beam r a t i o ,  t h a  e f f e c t  o f  i i u l l  dezd  r t s e ,  
t h e  e f f e c t  o f  forebody xarpitzg, the e f f e c t  o f  c5a-.ges o f  
t k e  30~;; a l o l s ,  anci. t h e  effitccb of &fterLzd;-y a c g h a .  

The r e s u l t s  o b t a i c e d  from t o s t , s  o f  t h e s e  n o d e l s  i n -  
d i c a t o d  t h s t  t h e  h e i g h t  ani! t h e  v o l u ~ . e  3f spray  a t  t h e  
w i n d s h i e l d  c a n  3 e  r e d u c e d  b y  (1) i n c r e a s i n g  t h e  hllll 
l e n g t h  a n d  e s p e c i a l l y  the f o r e b o d y  l e n g t h ,  (2) i n c r e a s i n g  
t h e  ' [ s h a r p n e s s "  o f  t h e  bow l i n e s  b e l o w  t h e  c t i i n e ,  ( 3 )  i n -  
c r e a s i n g  t h o  s t ~ t i c  trim when t h c  b o w  form i s  s u c k  + k a t  
r e l a t i v e l y  bad spray o t h e r w i s e  o c c ~ r s ,  an3 ( 4 )  c e c r n a s i c g  
t h e  w a t e r - b o r n e  l o a d .  T h a s e  c h a n g 3 s  a . r z  i i s t e c ?  a p p r o x i -  
m a t e l y  i n  t h e  o r $ e r  o f  t h e i r  i r i i po r t ancc  f r o =  t h e  p o i 3 t  o f  
v i e v  o f  r e d u c i n g  s p r a y .  

.-_- --- __-- 

*A c o m p l e t e  y e p o r t  on this i n v a s t i g a t i o n  e n t i t l e d  " T h a  
Bow-Spray C h a r a c t e r i s t i c s  o f  F ly ing -Boa t  Eulls at  Low 

i s  available f o r  r e f e r e n c e  or l o a n  i i  t h e  Cliffice o f  Aero-  
n a u t i c a l  I n t e l l i g e n c e ,  B a t i o n a l  A d v i s o r y  C o m a i t t e e  T c j r  
A e r o n a u t i c s ,  Wash ing ton ,  D .  S .  T 5 i s  r e p o r t  i f i c l z d e s  a de-  
t a i l e d  d e s c r i p t i o n  o f  t h e  t e s t  method and t h e  proceci.;re 
a n d  n u a e r o u s  p h o t o g r a 7 h i c  s t u d i e s  o f  t h e  b o w  s p r a y  o f  t h e  
v a r i o u s  n o d e l s  t e s t e d .  

S p e c d s  i n  Wavos J n c o u n t e r e d  Head-on,"  b y  3'. - 7  f $ .  S.  L ~ c k a ,  Jr.,. 
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The g e n e r a l  c o n c l u R b n  a p p e a r s  t o  b e f w a r r a n t e d  t h a t  

a n y  change  i n  h u l l  fo rm which s o f t e n s  t h e  in ipac t  be tween  
h u l l  and waves t e n d s  t o  r e d u c e  t h e  s p r a y  t h r o w n  o n t o  t h e  
w i n d s h i e l d  a t  low s p e e d s .  

I XTR GDU CT I ON 

War c o n d i t i o n s  havg a c c e x t u a t e d  t h e  n e e d  f o r  f l y i n g  
b o a t s  which z r e  a b l e  t o  o p e r a t e  i n  r e a s o n a b l y  h e a v y  w e a t h e r  
w i t h  a rr,aximum o f  s a f e t y .  A t  t h e  same t i m e ,  t h e  d e c r e a s i n g  
a v e r a g e  o f  p i l o t  e x p e r i e n c e  has  f o c u s e d  a t t e n t i o n  on t h e  
need  f o r  e a s e  o f  o p e r a t i Q n .  I n  t h e  p a s t  t h e r e  h a s  b e e n  
l e s s  eri lyhasis on t h e  s e a g o i n g  q u a l i t i e s  of f l y i n g  b o a t s  
t h a n  on o t h e r  c h a r a c t e r i s t i c s .  

One o f  t h e  p r o b l e m s  met w i t h  i n  rough  wr;ter i s  t h a t  
s p r a y  thrown up by tk,e bow of  t h e  h u l l  a t  l o w  t a x y i n g  
s p e e d s  may s t r i k e  t h e  w i n d s h i e l d  a n d  o b s c u r e  t h e  p i l o t i s  
v i s i o n  f o r  aa a p p r e c i a b l e  t i m e  during t h e  t s k e - o f f  r u n .  
U n d e s i r a b l e  bow s p r a y  has a l s o  b z e n  e n c o u n t e r e d  e v e n  i n  
smooth w a t e r  o p e r a t i o n  of s0x.e f l y i n g  boats o p a r a t i n g  i n  
a n  " o v e r l o a d "  c o z d i t i a n .  B e s i d e s  o b s c u r i n g  t h e  p i l o t ' s  
v i s i o n  t e x p o r a r i l g ,  t h e  s p r a y  n a y  also l e a v e  a s a l t  d e p o s i t  
or, t h e  n i c d s h i e l d  which  t e n d s  t o  o b s c u r e  v i s i o ~ l  f o r  t h e  
whole f l i g h t .  T h i s  i s  a l w a y s  u n p l e a s a n t  a n d  n a y  b e  h i g h l y  
d a n g e r o u s .  

The f o r e b o d y  of a f l y i n g - b o a t  h u l l  c a u s e s  a t  l e a s t  
t w o  = o r e  o r  l e s s  d i s t i n c t  ty -pes  o f  s p r a y  ( r e f e r e n c e  1). 
T h e s e  a r e  i n d i c 8 t e d  i n  t h e  f o l l o w i n g  s k e t c h e s :  
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nuugu H C, = Approx. 1.7 
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C, = Approx. 2.5 

Emp OCCUB at C, = Approx. 2.8 
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The f i r s t  t y p e  grows out  of  t h e  bow wave a t  v e r y  l o w  
s p e e d s  and  b u i l d s  up  i n  t h e  f o r m  o f  8 b l i s t e r  of i n c r e a s -  
i n g  h e i g h t  w i t h  t h e  p e a k  p r o g r e s s i v e l y  f a r t h e r  a f t  a s  t h e  
s p e e 6  a d v a n c e s  t o w a r d  t h e  p l a n i n g  r a n g e .  A l t h o u g h  i n f l u -  
e n c e d  t o  sone  e x t e n t  bg r o u g h  w a t e r ,  t h i s  t y p e  may be 
c o n s i d e r e d  p r i m a r i l y  a smooth w a t e r  C h a r a c t e r i s t i c  a n d  
s t u d i e d  a s  s u c h .  The second  t y p e  of f o r e b o d y  s p r a y  i s  
p r i m a r i l y  a rough w a t e r  c h a r a c t e r i s t i c  and  i s  a t t r i b u t e d  
t o  t h e  impac t  w i t h  h e a d  s e a s  o f  t h e  r e l a t i v e l y  b l u n t  bow. 
I t  i s  t h i s  t y p e  which i s  p a r t i c u l a r l y  o b j e c t i o n a b l e  i n  
o b s c u r i n g  v i s i o n  t h r o u g h  t h e  w i n d s h i e l d  a n d  which  i s  
d e a l t  w i t h  i n  t 3 i s  r e p o r t .  

I n  o r d e r  t o  a s c e r t a i n  t h e  c a u s e s  o f  a d v e r s e  bow-spray  
c h a r a c t e r i s t i c s ,  a n  i n v e s t i g a t i o n  was c o n d u c t e d  at  t h e  
S t e v e n s  I n s t i t u t e  o f  'Techno logy  u n d e r  t h e  s p o n s o r s h i p  a n d  
w i t h  t h e  f i n a n c i a l  a s s i s t a n c e  o f  t h e  Bureau  of A e r o n a u t i c s .  
Navy D e p a r t m e n t .  The i n f o r n a t i o n  o b t a i n e d  i n  t h i s  r e s e a r c h  
was c o a s i d o r e d  t o  be o f  such  g e n a r a l  i n t e r e s t  and  o f  s u c h  
e x t r e n o  v a l u e  t o  t h e  d e s i g n a r s  and  o p e r a t o r s  of  f l y i n g  
b o a t s  t h a t ,  at t h o  s i t s g e s t i o n  o f  t h e  Bureau  of  A e r o n a u t i c s ,  
t h i s  r e p o r t  was p r e p a r e d  f o r  t h e  N a t i o n a l  A d v i s o r y  Commit tee  
f o r  A e r o n a u t i c s  i n  o r d e r  t h a t  t h e  more i m p o r t a n t  r e s u l t s  
c o u l d  5e  made r e a d i l y  a v a i l a b l e  t o  i n t e r e s t e c ?  p a r t i e s .  

DESCRIPTIOK OF MODEZS 

F o u r t e e n  models  were s e l e c t e d  f o r  t h e  t e s t ,  t w o  b e i n g  
models  o f  a c t u a l  f l y i n g  b o a t s ,  t h e  XPBZM-1 a n d  t h e  XPBB-1. 
One was 8 model of a f l y i n g  b o a t  t h a t  i s  a t  p r e s e n t  i n  t h e  
d e s i g r ,  s t a g e ,  t h e  f i t R M - l , ' t  w h i l e  t h e  r e m a i n i n g  11 were 
models  d e r i v e d  f rom t h e  XPB2M-1 t o  p e r n i t  t h e  e v a l u a t i o n  
of t h e  e l f e c t s  of  q u i t e  d i f f e r e n t  bow s e c t i o n s  on t h e  bow- 
spray-- c h a r a c t e r i s t i c s .  The v a r i a b l e s  s t u d i e d  i r c l u d e d  a 
compar i son  o f  a c t u a l  o r  p r o p o s e d  f l y i n g  Qoa t s ,  t h e  e f f e c t  
o f  l eng th -beam r a t i o ,  t h e  e f f e c t  of h u l l  d e a d  r i s e ,  t h e  
e f f e c t  o f  f o r e b o d y  w a r p i n g ,  t h e  e f f e c t  o f  c h a n g e s  o f  t h e  
bow a l o n e , a n d  t h e  e f f e c t  of  a f t e r b o d y  a n g l e .  The f o l l o w -  
i n g  t s b u l a t i o n  g i v e s  t h e  d e s i g n a t i o n  o f  t h e  v a r i o u s  g r o u p s ,  
t h e  Traria'trles s t u d i o d ,  and t h e  model d e s i g n a t i o n :  

? 

V 



5 

Group 
- 

A 

---r----i---- -r- 
D e s c r i p t i o n  S i g n i f i c a n t  Model 

1 "-339-1 A c t u a l  o r  

A l t e r e d  a f t e r b o d y  
a n g l e  

The models  i n  g r o u p s  A ,  B ,  a n d  C u s e d  t h e i r  o w ~  a f t e r -  
b o d i e s .  The models  i n  g r o u p s  3 ,  E ,  a n d  F u s e d  t h e  a f t e r -  
body o f  t h e  XPB2M-1. A c o m p l e t e  l i s t  o f  t h e  ~ a r t i c u l - a r s  
o f  all t n e  models  i s  g i v e n  i n  t a b l e  1. 
f i l e  d r a w i n g s  of t h e  bows a r e  g i v e n  i n  f i g u r e s  2 ,  4 ,  6 ,  8 ,  
10, 1 2 ,  a n d  1 4 .  P i g u r e s  1, 3 ,  5, 7 ,  9 ,  11, a n d  13 p r e s e n t  
t h e  s t a t i c  p r o p e r t i e s  o f  t h e  h x l l s  u n d e r  c o n s i d e r a t i o n .  

Body p l a n s  a n d  7 r o -  

N o r m a l  339-1 
I 

" F i n e r "  339-47 

7' a f t e r b o d y  a n g l e ;  339-1  

..---A 

5' a f t e r b o d y  a n g l e ;  I 339-29 

F o r  a l l  models  t h e  c e n t e r  o f  g r a v i t y  was l o c a t e d  a t  
35 p e r c e n t  o f  t h e  bean! f o r w a r d  o f  t h e  s t e p  and. 3 0  ? e r c e r _ t  
of t h e  S e a n  above  t h e  k e e l .  T h i s  p o s i t i o n  was s a l e c t e d  
i n  c o n s i d e r a t i o n  o f  t r i m  r e q u i r e r n e n 3 s  i n  t h e  p l a n i c g  r a n g e .  
I t  i s  i n  a c c o r d a n c e  w i t h  t h e  f i n d i n g s  o f  r e f e r e n c e  2 i n  
t h i s  r e s p e c t ,  b e s i d e s  b e i n g  a f a i r  a v e r a g e  p o s i t i o n  a& 
found  i n  actual ? l y i n g  b o a t s .  



6 

The f o r w a r d  p a r t  o f  e a c h  f o r e b o d y  was a comple t e  r e p -  
r e s e n t a t i o n  of t h e  h u l l  - t h a t  i s ,  t h e  t u r r e t  and  wind- 
s h i e l d  were r e p r o d u c e d .  The a c t t l a l  d e s i g n s  f o r  t h e s e  
p a r t s  were u s e d  f o r  t h e  models  of g roup  A .  F o r  t h e  mode l s  
of grot ips  B, C ,  D ,  a n d  E a n  a r b i t r a r y  d e s i g n  was u s e d  i n  
which t h e  w i n d s h i e l d  was l o c a t e d  a t  t h e  same d i s t a n c e  
above  t h e  b a s e  l i n e  and  a t  t h e  saine d i s t a n c e  a f t  of  t h e  
f o r e p o i n t  i n  a l l  c a s e s .  The models  i n  g roup  F u s e d  t h e  
f o r e b o d y  o f  t h e  XPBZM-1. 

Group A - A c t u a l  o r  Pro-oosed G l y i n g  B o a t s  

The XPB2I4-1 v a s  i n c l u d e d  b e c a u s e ,  i n  a d d i t i o n  t o  i t s  
b e i n g  a c o n v e n i e n t  F a r e n t  , a v a i l a b l e  f l i g h t  e x p e r i e n c e  
w i t h  t h e  a c t u a l  f l y i n g  boa t  i n d i c a t e d  t h a t  t h e r e  was occa -  
s i o n a l  d i f f i c u l t : :  w i t h  t h e  s p r a y  b e i n g  th rown  u p  o n t o  t h e  
bow. The "JBM-1" model i s  one o f  s e v e r a l  d e v e l o p e d  f o r  
t h e  J R X - 1 .  I t  h a s  d . e s i r a b l e  r e s i s t a n c e ,  p o r y o i s i n g ,  -add 
yawing c h a r a c t e r i s t i c s  and  r e p r e s e n t s  a c o n s i d e r a b l e  e f -  
f o r t  t o w a r d  d e v e l o p i n g  s a t i s f a c t o r y  bov l i n e s  f o r  r o u g h  
w a t e r  a t  l o w  s p e e d .  The XPBB-1 was s e l e c t e d  b e c a u s e  i t  
h a s  an u n u s u a l  bow and b e c z u s e  i t  was r e p o r t e d  t o  be q u i t e  
s a t i s f a c t o r y  i n  waves at  t a x y i n g  s p e e d s .  The s t a t i c  p r o p -  
e r t i e s  and t h e  l i n e s  o f  t h e s e  h u l l s  a r e  shown i n  f i g u r e s  
1 and  2 a n d  a photogra-pki o f  t h e  g roup  i s  shown i n  f i g u r e  
1 5 .  The l i n e s  o f  t h e  XPB2M-1 ara shown i n  f i g u r e s  4 a n d  
1 4 .  

Group B - Lens th-3eam R a t i o  

T h e  h u l l  h e n g t h  was a l t e r e d  b y  a p p l y i n g  a c o n s t a n t  
m u l t i y l i e r  t o  t h e  s t a t i o n  s T a c i n g  of t h e  XPBZM-1 p a r e n t .  
On t i i e  a f t e r b o d y  t h e  s t a t i o n s  were moved i n  o r  ou t  a l o n g  
t h e  a f t e r b o d y  k e e l  and  on t h e  f o r e b o d y  a l o n g  l i n e s  p a r -  
a l l e l  w i t h  t h e  t a n g e n t  t o  t h e  f o r e b o d y  k e e l  a t  t h e  m a i n  
s t e p .  Four  v a l u e s  o f  t h e  l e n g t h - b e a a  r a t i o  were i n v e s -  
t i g a t e d .  With t h e  bean  h e l d  c o n s t a n t ,  t h e  hull l e n g t h  
w a s  a l t e r e d  a c c o r d i n g  t o  t i i e  fo l l t vwing  v a l u e s  o f  hu l l - l eng th -  
beaq!' r a t i o s :  5 :07 ,  6 .19  ( t h e  no rma l  v a l u e  f o r  t h e  
XPBZM-11, 7 .32 ,  and  8.45. I n c r e a s i n g  t h e  l e n g t h  r e d u c e d ,  
t h e  c u r v a t u r e  o f  t h e  b u t t o c k s  on  t h e  f o r e b o d y .  The s t e p  
h e i g h t  and t h e  a f t e r b o d y  k e e l  a n g l e  were u n a l t e r e d .  The 
s t a t i c  p r o p e r t i e s  and  l i n e s  of t h e s e  r rode ls  a r e  shown i n  
f i g u r e s  3 ,  4 ,  5 ,  a n d  6 and A p h o t o g r a p h  o f  t h e  g roup  i s  
showr, i n  f i g u r e  1 7 .  

'c. 

t 
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Group C - H u l l  Dead R i s e  

The h u l l  d e a d  r i s e  v a s  a l t e r e d  by m u l t i p l y i n g  t h e  
d e a d  r i s e  of e a c h  s t a t i o n  by  t h e  same c a n s t a n t .  T h r e e  
h u l l s  were i n c l u d e d  i n  t h i s  g r o u p  w i t h  dead r i s e  a n g l e s  
o f  l o o ,  20°, and 3Q0, r e s p e c t i v e l y ,  a t  t h e  s t e p .  The 
k e e l s p f b f f k e  ' w a s  u n a l t e r e d  but  t h e  c h i n e s  were  chsnged  
as n e c e s s a r y .  The c h i n e  f l a r e  was i n c r e a s e d  o r  d e c r e a s e d  
i n  p r o p o r t i o n  t o  t h e  dea& r i s e .  The s t a t i c  p r o p e r t i e s  
and t h e  h u l l  l i n e s  of t h i s  s e r i e s  o f  mode l s  a r e  shown i n  
f i g u r e s  7 a n d  8 ;  a p h o t o g r a p h  of  t h e  g r o u p  i s  shown i n  
f i g u r e  1 6 .  

Group D - Forebody WarDinq 

The f o r e b o d y  b o t t o m  w a s  warped by l e a v i n g  t h e  s e c -  
t i o n  a t  t h e  main s t e p  unchanged and  v a r y i n g  t h e  d e a d  rice 
l i n e a r l y  from t h e  s t e p  t o  t h e  f o r e p o i n t .  The p r o f i l e  and  
the c h i n e  p l a n  f o r a  were u n a l t e r e d .  The u s e  o f  l i n e a r  
d e a d  r i s e  v a r i a t i o n s  t h r o u g h o u t  t h e  whole l e n g t h  o f  t h e  
f o r e b o d y  p r o d u c e d  r a t h e r  f l a t  bow s e c t i o n s .  The d e v i a t i o n  
f rom t i l e  p a r e n t  mod-el, (XPB2M-1) was o b t a i n e d  by v a r y i n g  
t h e  d e a d  r i s e  l i n e a r l y  f r o m  t h e  s t e p  i n  t h e  r a t i o s  o f  
10.8'/b l e n g t h  a n d  5,4'/b l e n g t h .  The s t a t i c  p r o p e r t i e s  
and t h e  h u l l  l i n e s  of t h i s  s e r i e s  a r e  shown i n  f i g u r e s  9 
a n d  10; f i g u r e  1 8  i s  a p h o t o g r a p h  o f  t h e  m o d e l s .  

Group E - B o w  S e c t i o n s  

The f i r s t  f a r s b o d y  i n  t h i s  g r o u p ,  Model N o .  333-18, 
r e f e r r e d  t o  as " f u l l e r n  had t h e  l e n g t h  o f  t h e  n o r x a l  fore- 
body b u t  a l l  t h e  s e c t i o n s  o f  t h e  norma.1 f o r e b o d y  were con-  
p r e s s e d  i n t o  t h e  forshalf, making t h e  bow v e r y  b l u n t .  The 
a f t e r  h a l f  of  t h i s  f o r e b o d y  h a d  t h e  u n i f o r m  s e c t i o n  of  t h e  
main s t e p  i n  t h o  p a r e n t  h u l l .  The secofid f o r e b o d y  of t h i s  
g r o u p ,  Model N o .  339-47, w a s  a n  a t t e n p t  t o  i m D r o v e  t h e  
XPB2M-1 by a small change  t o  t h e  f o r w a r d  p a r t  o f  t h e  f o r e -  
body  which  rcade t h e  bow somewhat " f i n e r . "  The c h i n e  w a s  
r a i s e d  and  t h e  d e a d  r i s e  i n c r e a s e d  f rom t h e  f o r e p o i n t  t o  
a b o u t  h a l f  a beam a f t e r  t h e  f o r e p o i n t .  The s t s t i c  p r o p -  
e r t i e s  a n d  t h e  h u l l  l i n e s  are shown i n  figures 11 a n d  1 2 ,  
a n d  a p h o t o g r a p h  o f  t h e  g r o u p  i s  shown i n  f i g u r e  1 9 .  

Group T - A f t e r b o d y  Angle  -- 
One o f  the c o 2 d i t i o n s  s ' i lagested f o r  t e s t s  was t h a t  

t h e  s t a t i c  f l o t a t i o n  b e  ckanged .  The s i m F l e s t  way t o  d o  
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t h i s  i s  t o  p h i f t  t h e  c e n t e r  o f  g r a v i t y  1 o n g i t u d i n a l l Y .  
However, b e c a u s e  i n  p r a c t i c e  t h e  c e n t e r  o f  g r a v i t y  c a n -  
n o t  b e  s h i f t e d  m a t e r i a l l y  w i t h o u t  d i s t u r b i n g  t r i n  c o n t r o l  
i n  t h e  D l a n i n g  r a n g e ,  i t  was d e c i d e d  t h a t  t h e  b e s t  way t o  
change  t h e  s t a t i c  f l o t a t i o n  w a s  t o  a l t e r  t h e  a f t e r b o d y  
a n g l e .  T h i s  was a c c o m p l i s h e d  by r o t a t i n g  t h e  a f t e r b o d y  
a t  t h e  i n t e r s e c t i o n  o f  i t s  k e e l  w i t h  t h e  main  s t e p ,  l e a v -  
i n g  t h e  s t e p  h e i g h t  unchanged .  The c h a n g e s  o f  a n g l e  
would ,  of c o u r s e ,  a l t e r  o t h e r  c h a r a c t e r i s t i c s  such  a s  
huin~ r e s i s t a n c e  b u t  would n o t  s e r i o u s l y  i n t e r f e r e  w i t h  
t r im c o n t r o l  on t h e  p l a n i n g  r a n g e .  T h r e e  v a l u e s  of a f t e r -  
body a n q l e  'Irere t e s t e d ,  5 O ,  7 ' (normal  f o r  t h e  XPbZX-11 ,  
a n d  9'. The s t a t i c  p r o p e r t i e s  and t h e  h u l l  l i n e s  of t h i s  
s e r i e s  a r e  shown i n  f i g a r e s  13 a n d  1 4 .  

APPARATUS A B 3  T X S T  PZOCXDTRS 

The model was mounted on a n  a p p a r a t u s  which a l i o v e d  
f r eedom i n  p i t c h  a n d  h e a v e  ani! p r o v i f i e d  r e s t r a i n t  i n  r o l l  
a n d  ynw. h corilpleto d e s c r i p t i o n  o f  t h i s  a p p a r a t u s  i s  
g i v e n  i n  r e f e r e n c e  1. A c a l i b r a t e d  p a d d l e ,  p a r t  o f  t h e  
r e g f i l a r  equipment  of t h s  E x p a r i n e n t a l  Towing Tank at 
S t e v e n s ,  was u s e d  t o  nake  t h e  w a v e s ,  a n d  t h e  s ? r a y  was 
p h o t o g r a p h e d  w i t h  s p e c i a l  e q u i p m e n t .  

For n a k i n g  t h e  p h o t o g r a p h i c  s t u d i e s  a 3 5  n i l l i m e t a r  
moving p i c t u r e  carnera was u s e d  i n  c o n n e c t i o n  w i t h  a mui- 
t i p l c  f l a . s h  l a E p  develoTed by D r .  H a r o l d  E .  E d g e r t o n  o f  
t h e  K a s s a c h u s e t t s  I n s t i t u t e  o f  Techno logy  a n d  l o a n e d  t o  
S t e v e n s  I n s t i t u t s  o f  ' r echno logy  f o r  t h e  p u r p o s e  O Y  t h e s e  
e x p i t r i i e r l t  s .  The l i g h t  iirorked- 02 o r d i n a r y  a l t e r n a t i n g  
c u r r e n t  and  f l a s h e d  6 0  t i m e s  a s e c o n d .  The p e r i o d  o f  e a c h  
f l a s h  w::s a b o u t  0 .00005 s e c o n b .  F i l m  v a s  s e n t  t h r o u g h  t h e  
c a n e r a  h t  c o n s t a n t  s p e e d  w i t h  t h e  s h u t t e r  removed.  The 
e x c e e d i n g l y  s h o r t  f l a s h  t i m e  o f  t h e  l a x p  i n s u r e d  s t o p p i n g  
t h e  n o t i o n  of a l l  s p r a y  p a r t i c l e s  e v e n  v i t h  novirrg f i l m .  
The camera and  l i g h t  were nouctec i  on a n  a u x i l i a r y  c a r r i a g e  
which moved w i t h  t h e  n o d e l .  

The ? a d d l e  u s e d  f o r  making waves v a s  s p e c i a l l y  c a l -  
i b r a t e $ &  b e f o r e  t h e  i n c e p t i o n  o f  t k e  t e s t s .  The waves 
g e n e r a t e d  b y  t h i s  p a d d l e  were smoo the r  t h a n  t h o s e  u s u a l l y  
e n c o u n % e r e d  i n  a seaway,  c o ~ r e s p o n d . i n g  q u i t e  c l o s e l y  t o  
t h e  c o n v e n t i o n a l  t h e o r e t i c a l  t r o c h o i d .  The waves  u s e d  
n e v e r  t o o k  t k e  s h a p e  o f  n c u s p s t t  which  a r e  u s u a l 1 7  f o u n d  
i n  b a g s  and h a r S o r s  i n  c o m b i n a t i o n  wit!: a s t i f f  b r e e z e .  
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While  i t  i s  i n  t h e  l a t t e r  tyTe  of wave t h a t  f l y i n g  b o a t s  
O f t e n  h a v e  t o  o p e r a t e ,  i t  was c o n s i d e r e d  more i m p o r t a n t  
t o  u s e  waves which c o u l d  be  r e p r o d u c e d  e a s i l y  a n d  a c c u -  
r a t e l y  s o  t h a t  t e s t s  o f  d i f f e r e n t  c o d e l s  c o u l d  be made 
u n d e r  c o n t r o l l e d  t e s t  c o n d i t i o n s .  The  smooth a n d  r e g n l n r  
waves u s e d  i n  t h e  t e s t  a r e  f r e q u e n t l y  f o u n d  i n  p r a c t i c e ,  
however ,  s o  t h a t  i t  i s  p e r f e c t l y  g r o p e r  t o  u s e  them.  Xo 
a t t e m p t  was made t o  r e p r o d u c e  t h e  wind t h a t  n i g h t  be  ex- 
p e c t e d  t o  accompany t h e  v a r i o i r s  wave s i z e s .  

V e r y  e x t e n s i v e  t e s t s  were r u n  on one mode l ,  Model 
N o .  339-29,y-which was t hough t  a t  t h e  s t a r t  t o  have  a p o o r  
bow f r o m  t h e  s t a n d p o i n t  o f  Pow-speed bow s p r a y ,  i n  o r d e r  
t o  d e c i d e  upon t h e  m o s t  s u i t a b l e  s p e e d s  a n d  wave c o n d i b -  
t i o n s  f o r  t h e  t e s t s  o f  t h e  e n t i r e  s e r i e s .  I t  was f o u n d  
t h a t  t h e  s p r a y  w a s  more s e n s i t i v e  t o  t h e  s p e e d  o f  the 
n o d e 1  t h a n  t o  t h e  wave s i z e  a n d  t h a t  t h e  i n f l u e n c e  o f  t h e  
wave s l o p e  w a s  r e l a t i v e l y  u n i m p o r t a n t  The t e s t s  a l s o  
i n d i c a t e d  t h a t  rnodera te  p i t c h i n g  d i d  n o t  n e c e s s a r i l y  i n -  
f l u e n c e  s p r a y  h e i g h t .  

I t  was c o n c l u d e d  on t h e  b a s i s  o f  t h e s e  e x p l o r a t 9 r y  
t e s t s  t h a t  one s p e e d  c o r r e s p o n d i n g  t o  C V  = 1.05  ( a p p r o x .  
15 mph f u l l - s c a l e  s y e e d  f o r  t h e  XPB2M-1) was s u f f i c i e n t  
t o  g e t  a c r i t i c a l  v i e w  of t h e  b e h a v i o r  o f  t h e  vrhole s e r i e s  
of  m o d e l s  i n  r o u g h  w a t e r .  T h r e e  loads c o r r e s p o n d . i n g  t o  
CA = 0.6, 0.8, and 1 . 0  were c h o s e n  a s  r e p r e s e n t i n g  t h e  
r a n g e  of  l o a d i n g  o f  p r a c t i c a l  i n t e r e s t .  I n a s n u c h  a s  t h e  
e f f e c t  o f  wave s l o p e  had been  shown t o  be n e g l i g i b l e ,  a l l  
t e s t s  w9re c o n d u c t e d  w i t h  waves h a v i n g  a l e n g t h - h e i g h t  
r a t i o  o f  20.  T h i s  ,-atlo i s  c o n s i d e r e d  t o  b e  r e a s o n a b l y  
r e p r e s e n t a t i v e  of t h e  waves a c t u a l l y  e n c o u n t e r e d  i n  p r a c -  
t i c e .  T e s t s  were r u n  w i t h  each  o f  t h r e e  h e i g h t s  o f  wave 
eaua l  t o  0 .1 ,  0 . 2 ,  a n d  0.3 of t h e  beam o f  t h e  model .  
T h e s e  h e i g h t s  were  c h o s e n  t o  b r a k k e t  t h e  l i a i t e d  reports 
o f  f u l l - s c a l e  e x p e r i m e n t s  which ws re  a v a i l a b l e  -when t h e  
work was u n d e r t a k e n .  

. - T h e  t e s t s  of t h e - m o d e l s  v h i c h  i n v o l v e d  changes o f  
o v e r - a l l  h u l l  l e n g t h  were c a r r i e d  t o  c o n s i d s r a ’ c l y  h i g h e r  
v a l - u e s  o f  C t o  d e t e r m i n e  t h e  maximum p r a c t i c a l  l o a d i p g  
i n  t e r m s  o f  P e n g t h .  

I n  r e c o r d i n g  t h e  r e s u l t s  o f  e a c h  t e s t  s u f f i c i e n t  
film was t a k e n  t o  g e t  t w o  o r  t h r e e  c o n ~ l e t e  c ;?c les  o f  t h e  
model  s n c o u n t e r i n g  a wave. A n a l y s i s  o f  t h e  f i l m  showed 
t h a t , i n  g e n e r a l ,  t h e  b e h a v i o r  of  t h e  model i n  s u c c a s s l v o  
c y c l e s  o f  one t r a i n  o f  waves was r e m a r k a b l y  c o n s t a n t .  
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From each  f i l m  one f rame was s e l e c t e d  which  showed t h e  
s p r a y  a t  t h e  w o r s t  y o i n t  i n  t h e  c y c l e .  ‘The s e l e c t i o n  o f  
t h i s  one frame w a s  by n o  means c r i t i c a l  and  any frail?e 
w i t h i n  t w o  o r  t h r e e  OT? e i t h e r  s i d e  o f  t h e  s e l e c t e d  f ra ree  
c o u l d  have been  c h o s e n  w i t h o u t  m a t e r i a l l y  a f f e c t i n g  t h e  
r e s ~ ~ l  t 6 .  

R E S T X ’ S  AND DISCUSSION 

P r e s e n t a t i o n  o f  Data 

F o n d i m e n s i o n a l  c o e f f i c i e n t s  based  on F r o u d e ’ s  law 
were u s e d  t o  p r s a o n t  tk!e r e z u l t s  o f  t h e  t e s t s .  The non- 
d i E e n z f o c a 1  c o z f f l - c i e n : ~  a rLd  r a t i o s  used  t h r o u g h o u t  t h i s  
r e p o r t  a r e  d e f i n e d  2 s  f o l l c w s :  

c W  trimming-aonent c o e f f i c i e n t  (I{/WII 4 1 

Cv s p e e d  c o e f f i c i e n t  ( V / ] z >  

Cd d r a f t  c o e f f i c i e n t  ( d / b )  

L/13 l e n g t h - b e a n  Tatio 

L / Y  wave l e n g t h - h e i g h t  r a t i o  

A l o a 6  on w a t e r ,  poulnds 

b beam a t  s t e p ,  f e e t  ( u s e d  i n t e r c h a n g e a b l ;  w i t h  3 )  I 

V s - p e c i f i c  we igh t  o f  w a t e r ,  pouncls ~ e r  c u b i c  f o o t  ( 6 2 . 3  
f o r  these t e s t s  u s u a l l y  t a k e n  a s  0 4 . 0 j f o r  s e a  
wa t e r  1 

M tr imming; reomeot above  t h e  c e n t e r  o f  g r a v i t y ,  pot1n.8- 
f e e t  

’c’ s>eed;- f e e t  p e r  second 

a c c e l e r a t i o n  o f  g r a v i t g  ( 3 2 . 2  f t / s e c  8 ) g 

L o v e r - a l l  l e n g t h ,  d i s t a n c e  f r o n  f o r e p o i n t  t o  s t e r n -  
p o s t ,  f e e t  ( a s s o c i a t e d  w i t h  a )  

d d r a f t  a t  s t e p ,  f s e t  
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H wave h e i g h t ,  v e r t i c a l  d i s t a n c e  f rom t r o u g h  t o  c r e s t ,  
f e e t ,  

L wave l e n g t h ,  d i s t a n c e  from c r e s t  t o  c r e s t ,  f e e t  
( a s s o c i a t e d  w i t h  b) 

The n o s t  s i g n i f i c a n t  r e s u l t s  o f  t h e  t e s t s  a r e  shown 
i n  f i g u r e s  20 and  21.  I n  c a r r y i n g  out  t h e  t e s t s  w i t h  
t h r e e  wave h e i g h t s  a s  w e l l  as i n  smooth w a t e r ,  i t  was 
f o u n d  t h a t  t h e  s p r a r  t e n d e d  t o  i n c r e a s e  w i t h  wave s i z e .  
F o r  t h i s  r e a s o n  o n l y  t h e  r e s u l t s  of t h e  t e s t s  c o n d u c t e d  
i n  waves w i t h  a h e i g h t  o f  0 .3  b e a m  a r e  i n c l u d e d  i n  t h i s  
r e p o r t .  

F i g u r e  20 p r e s e n t s  E p h o t o g r a F h i c  s t u d y  of  t h e  e f f e c t  
o f  c h a n g e s  i r ,  h u l l  f o r a  on bow-spray c h a r a c t e r i s t i c s .  I n  
t h i s  f i g u r e  each  column shows a l l  t h e  r e s u l t s  f o r  one 
model .  A t  t h e  t o p  o f  e a c h  co lumn i s  a d i r e c t  head-on 
p h o t o g r a p h  o f  t h e  model .  Inasmuch a s  a l l  t h e  models  were 
c o n s t r u c t e d  w i t h  t h e  saxe  beam w i d t h  and  all t h e  pho tograms  
were  t a k e n  w i t h  t h e  same c a x e r a  a t  t n e  s a a z  C i s t a c c e  f r o m  
t h e  m o d e l ,  t h e  a p p a r e n t  d i f f a r a n c e s  i n  s i z e  s r e  c a u s e d  by  
T e r s p e c t i v e  and  i n d i c a t e  t h e  r e l a t i v e  t t f u l l n e s s ' i  o f  t h e  
bow i n  e a c h  c a s e .  The F i c t u r e s  o f  t h e  e r , t i r e  f o r e b o d y  
were also t a k e n  u n d e r  t h e  same c o n d i t i o n s  and t h e  a p p a r e n t  
d i f f e r e n c e s  a g a i n  i n d i c a t e  t he  r o i z t i v e  f u l l n e s s .  TI-e 
l o w e r  t h r e e  p h o t o g r a p h s  show t h e  s p r a y  f o r  each of  t h e  
t h r e e  v a l u e s  of  CA. The photographs a r e  a r r a n g e d  i n  t h e  
f i g u r e  i n  such  a manner a s  t o  p 5 r m i t  a s t u d y  o f  t h e  e f f e c t s  
o f  e a c h  o f  t h e  s i x  v a r i a b l e s  t e s t e d .  The Ls rgo  d i f f e r e n c o s  
ir? t h e  s p r a y  c h a r a c t e r i s t i c s  o f  t h e  v a r i o u s  n i o d a l s  i n d . i c s t e  
t h a t  a d v e r s e  c h s r a c t e r i s t i c s  may be a l l e v i a t e d  33- ? r o p e r  
c h o i c e  o f  h u l l  fo rm.  

I t  i s  also t o  be n o t e d  i n  f i g u r e  20 t h a t  a r e d u c t i o n  
i n  s p r a y  h e i g h t  r e s u l t s  from t h e  r e d u c t i o n  o f  t h e  w a t e r -  
b o r n e  l o a d .  B e d u c t i o n  of  t h e  bow s ? r a y  i n  t h i s  roanner,  
however ,  i s  n o t  n e a r l y  a s  e f f e c t i v e  as s n a l l  c h a n g e s  i n  
hull f o r i ?  a r e  shown t o  b e .  I t  s h o u l d  t e  f u r t h e r  n o t e d  
t h a t  p e r - . l i z i n g  t h e  l o a i i - c a r r y i n g  c a p a c l t y  o f  a f l y i n g  b o a t  
t o  overc::<ze a d v e r s o  bow s p r a y  s h o u l d  nc: be c o c s i d e r c d  a 
s a t i s f a * . t o r y  a n s w e r  t o  t h e  problem and clay be c o n s i d e r e d  z t  
b e e t  o n l y  a tempo:a:y expedient .  f o r  o v ; r ~ o m i n g  a d v e r s e  bow- 
s p r a y  c k d r a c t e r i s t i c s  e n c o u n t e r e d  b y  e x z s t i n s  f l y i n g  b o a t s .  

4 Fie::re 31 p r s E % e n t s  t h e  r e s u l t s  o f  t h e  t 3 s t s  0'1 t h e  
s e r ? e s  ~f fou;- m o d s l s  d i f f e r i n g  i n  leng';h-b?crn r a t i o  i n  
which  t h e  l o a d i n g  was p r o g r e s s i v e l y  i n c r e a s a d  i n  e a c h  c a s e  
u n t i l  t h e  model s a n k .  I .  
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C o n s i d e r i n g  b o t h  f i g u r e ;  2 0  and 21 ,  and. n e g l e c t i n g  
t h e  e f f e c t  of change  o f  t h e  w a t e r - b o r n e  l o a d  f o r  r e a s o n s  
p r e v i o u s l y  m e n t i o n e d ,  i t  a p p e a r s  t h 8 t  t h e  p r i n c i p a l  e f f e c t s  
on t h e  I O V J  s p r a y  o f  t h e  v a r i a b l e s  s tud . i ed  may be F u t  i n t o  
t h r e e  g r o u p s ;  t h e  e f f e c t  of  f o r e b o d y  l e n g t h ,  t h e  e f f e c t  of  
s h a r p n e s s  o f  t h e  bow,  and t h e  e f f e c t  of c h a n g e s  o f  s t a t i c  
tr im. 

E f f e c t  of  YoreboBy L e n g t h  

The t e s t s  v i t h  a l t e r e d  f o r e b o d y  l e n g t h  were a c t u a l l y  
made w i t h  models  i n  which b o t h  t h e  f o r e b o d y  a n d  t h e  a f t e r -  
body l e n g t h  were a l t e r e d  i n  t h e  same p r o p o r t i o n .  T h i s  w a s  
done t o  a v o i d  a l t e r a t i o n s  i n  s t a t i c  t r i m  due  t o  cha; iges  i n  
t h e  r e l a t i v e  bougancy of  t h e  t w o  p a r t s .  

I t  i s  e v i d e n t  f rom t h e  r e s u l t s  t h a t  t h e  bow s p r a y  i s  
g r e a t l y  r e d u c e d  by l e n g t h e n i n g  t h e  hull. The b a n e f i c i a l  
e f f e c t  of d e c r e a s i n g  t h e  values o f  CG, w i t h o u t  a l t e r i n g  
t h e  hull l e n g t h ,  i s  a l s o  e v i d e n t .  S o  f a r  a s  load p e r  
l e n g t h  is c o n c e r n e d ,  a n  i n c r e a s e  i n  h u l l  l e n g t h  w i t h o u t  a 
c o r r e s p o r d i n g  i n c r e a s e  i n  C A  i s  e q u i v a l e n t  t o  a r e d u c -  
t i o n  o f  l o a d i n g  w i t h o u t  a n  i n c r e a s e  i n  h u l l  l e n g t h .  I t  
w i l l  b e  s e e n  f ron:  f i g u r e  21 ,  however ,  tSat  t h e  maximum 
p r a c t i c a b l e  l o a d i n g ,  o r  t h e  l o a d  f o r  e q u i v a l e n t  bow s p r a y ,  
i n c r e a s e s  much more r a p i d l y  t h a n  i n  d i r e c t  p r o p o r t i o n  t o  
t h e  i n c r e a s e  i n  l e n g t h  and t h a t  t h e  b e n e f i c i a l  r e s u l t s  ob- 
t a i n e d  f ron;  i n c r e a s i n s  t h e  f o r e b o d y  a r e  t h e r e f o r e  g r e a t e r  
t h a n  can  be  a c c o u n t e d  f o r  b y  r e d u c t i o n  of l o a d i n g  p e r  u n i t  
l e n g t h  of h u l l .  T h i s  p o i n t  i s  w e l l  i l l u s t r a t e d  by c o n p a r -  
i n g  t h e  p h o t o s  i n  f i g u r e  21 f o r  LIS = 5 . 0 7 ,  C A  = 0 . 6 0 ,  
and  L / B  = 8.45 ,  C A =  1 . 0 0 ,  where 8 q 4 5  = 1 . 6 7  a n d  - - 

0- 60 
l e c g t h  i s  i d e n t i c a l  € o r  t h e  t w o  h u l l s  b u t  t h e  s p r a y  c h a r -  
a c t e r i s t i c s  a r e  much b e t t e r  f o r  t h e  l o n g e r  hv.11. The 
p r o b a b l e  e x g l a n a t i o n  o f  t h e  e x t r a  b e n e f i t  l i e s  i n  t h e  r e -  
Buced c u r v a t u r e  of  b u t t o c k s  l i n e s  wkich s o f t e n s  t h e  i m p a c t  
be tween  t h e  h u l l  a n d  t h e  waves a n d  red: lcos  I l s u c t i o n  e f f z c t . "  

5 . 0 7  
- -  J.eOO - 1 . 6 7 .  '1Tnder t h e s e  c o n d i t i o n s  t h e  l o a d  p e r  G n i t  

E f f e c t  3f  6 l ; a r p a e s s  of 3 0 % ~  

T h a  s h a r p n e s s  o f  t h e  b o w  i s ,  a d s i t t e d l y ,  a v e r y  vague  
and u n c e r t a i ; ;  d e s c r i p t i o n  o f  h u l l  f o r m .  The t e r m  i s  sug- 
g e s t e d  c l ? . i e f ig  by t h e  v e r y  e x c e l l e n t  b e h a v i o r  of Models  
B o s .  401-1 and 441-1 (XZZB-I), b o t h  o f  whick; h a v e  v e r y  



l a r g e  a n g l e s  o f  dead r i s e  n e a r  t h e  bow a n d  s h a r p  e n t r a n c e  
a n g l e s  of t h e  w a t e r  p l ? . n e s ,  b u t  t h ?  t e r m  i s  c o n s t r u e d  t o  
i n c l u d e  a l s o  t h e  e f f e c t  o n  t h e  bow of w a r p i n g  o f  t h e  f o r e -  
body bo t tom a n d  c h a n g i n g  o f  t h e  h u l l  d e a d  r i s e  a s  a whole .  

The l i n s s  of t h e  t w o  models  p r e v i o u s l v  m e n t i o n e d  
d i f f e r  i n  t h a t  Model No. 441 h a s  a l o t  o f  c h i n e  f l a r e ;  
w h e r e a s  Model N o .  401 h a s  v e r y  l i t t l e .  The e f f e c t  o f  t h i s  
d i f f e r e n c e  d o e s  n o t  s e e m  5 0  b e  r e f l e c l e d  i n  t h e  b e h s v i o u r  
o f  t h e  t w o  m o d e l s ,  fitid t h e r e  i s  n o t h i n g  i n  t h e  t a s t s  o f  
t h e  o t h e r  n o d e l s  wh ich  t h r o w s  a d d i t i o n q . 1  l i g h t  on  t h e  e f -  
f e c t  of c h i n e  flare. 

Models N o s .  417,.29 and 339-47 b o t h  h a v e  l l s h a r p a r r f  
b o w s  t h a n  t h s  p.?r.en'c >?€32kf-l b o t h  hn.ae l o w e r  5015 soray.  
Mode:.s R O S .  335-18 3 ~ - ? ,  4 Q C t - i  b c 4 , h  h6.ve bows t h a t  a r e  n o t  
a s  " s ~ a r p 1 '  rzs t h s  pz:aat XlB2M-3 snd  i n  b o t h  cc=ses t h e  
s p r s y  i s  h i g h e r .  T h i s  i s  p e r t i c u l a r l p  t r u e  of M.lod.;l N o .  
339-18. M o d e l  6 0 .  339-41 h a s  bow s s c t i o n s  q u i t e  s i m i l n r  
t o  t h e  p a r s n t  a n d  t h e  spray i s  much t h e  s p m e .  

One e x c e p t i o n  t o  t h i s  t r e n d  i s  toted i n  t h e  s p r a y  
h e i g h t  o f  MrJdel 50.  3z3-39. This model was d o r i v e d  i n  
t h e  same mr2aiier a s  Mcael N o .  339-41. Altk-cugh t h e  bow 
o f  t h i s  m o d e l  V R S  n o t  as " s h a r p t i  A S  t h a t  of t h e  p ~ r e n t ,  
t h e  s -c ray  t t%s  l c s , a r .  The r a n g e  o f  t h e  t P s t s  w a s  s u c h  
t h a t  no s n t i s f a c t o r r  eXpl4nation o f  t h i s  r e v a r s s l  of 
t r e n d  was f o r t h c o m i n g .  

E f f e c t  o f  Chacpes o f  S t s t l c  T r i m  

Basically, t h e r e  a r e  t h r e e  methDds o f  a . i t e r i n g  t h e  
s t a t i c  t r i v :  b y  a . F p l i s a t i o n  o f  a n  o x t s r r H . 1  momcnt t o  tho, 
h u l l  b y  sh i : t inp  t h o  c e n t e r  o f  ~ r a v i t y  (a.erod?Tnaniic and 
t h r u s t  m o n e n t s  .t~zeFfi;i?er w i l l  ordinarily ~ F L T ?  l i t t l e  e f f e c t  
on t r i m  a t  l o w  s . r , s eds ) ,  by a l % e r . i n g  t h e  bougnnt  D O W F . ~  of 
t h e  a f t e x h s 2 . y   lone, o r  b y  a l t e y i n g  t h e  bouyan t  power o f  
t h e  f o r e b o d y  a l o n e .  

S h i f t i n c  o f  t h e  c e n t e r  o f  g r a v i t y  i s  v 2 r y  l i irsl jr ,  
however ,  t o  have  u n d e s i r a b l e  e f f e c t  on t h e  a v a i l a b l e  tr im 
c o n t r o l  a t  p l a n i n g  s p e e d s .  I n  o r a c t i c ?  t h e  c 5 n t e r  of 
g r a v i t y  h a s  t o  b e  s s l e c t e d  s o  as  t o  F i v e  pr, a v a i 1 a b l . e  
t r i m  t r a c k  wh ich  does  not pass t h r o u g h  ;f r p p i o r  o f  a o r ~ o i s -  
i n g .  T n e r e f o r e  i t  d o n s  n o t  apmear  l o p i c ? l  t o  s h i f t  t l . 2  
c e n t e r  of g r a v i t y  t o  iinyrov5 t h e  bow-snrag  c h s r a c t s r i c t i c s  
a t  t h e  e x p e n s e  o f  t h e  p l a n i n g  c h a r a c t e r i s t i c s .  
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The s s c o n d  method o f  a l t e r i n g  t h e  s t a t i c  trim i s  
p o s t  e a s i l y  a . ccompl i shed  b y  a l t e r i n g  t h e  a f t e r b o d y  a .nF le .  
I f ,  w i t h  an a l t e r e d  w f t e r b o d y  angle, t h e  p ~ s i t i o n  of t h e  
c e n t s r  o f  g r a v i t y  i s  u n a l t e r e d ,  t h e n  t h e  available trim 
t r a c k s  a t  y l a n i n g  s p e e d s  a l s o  w i l l  b s  l a r ~ z l y  u n q l t e r e d  
r e l a Y i v e  t o  t h e  p o ? c o i . s i n g  l i m i t s .  A l t e r i n g  t h e  a f t e r b o d y  
angle, h c w e v e r ,  usual:y a l t e r s  t h e  humn r n s i s t 7 , i i c e  a n d  t h e  
p o r p ~ i s i ~ g  c h s r s c t e r l s t i c s  e t  s p e e & s  i n  t h e  v i c - i n j . t g  of  
t h e  hiimp. T h u s :  ~ l t e , - i n g  t t e  a f t e r b c d y  a y ? l e  i s  l i k e  a.1- 
t e r i r . g  t h s  p s s i t i o h  c f  t h e  c e n t e r  o f  g i . n a i t y  i n  t h a t  m y  
improvement e f f z c t e d  at l o w  spir:gds i s  npt  t o  b e  a t  t h e  
e x p e n s e  o f  t h e  o . t h e r  c h a r a c t e r i s t i c s .  I t  is, however ,  
much l e s s  u n d e s i r a b l e  i n  t h i s  r e s p e c t ,  a n d  wa.s ~ c c o r d i n g l ~  
a d o p t e d  f o r  t h e  p r e s e n t  t e s t s .  The e f f e c t  o f  chsnprine the 
s t a t i c  trim by alte; . i .np t h e  a f t e r 3 o d y  a n g l e  i s  shown i n  
t h e  f i - r s t  a n d  l a s t  t iao columns  o f  f i g u r e  20. I n c r i a s i n g  
t h e  s t a t i c  t r i m  i n  t h i s  w a g  ms.kss  z s m a l l  b u t  n o t i c e a b l e  
improvement i n  t h e  spray c h a r a c t e r i s t i c s .  I t  . d o e s  n o t  
make n e a r l y  AS l a rce  improvemenis  as c a n  b e  p r o d u c e d  b y  
R l t o r i n g  t h e  h u l l  form,  p a r t i c u l a r l y  t h e  h o w  Q ; + c t i o n .  

The t h i r d  methcd o f  n l t e r l n g  the s t a t i c  ~ P I R I ,  hg 
a l t e r i n g  t h e  buoyar r t  p o W ? r  o f  t h e  fo -eFodp  n l o n e  a n d  keen- 
i n a  t h e  a f t e r b o d y  a.nS1e c o n s t a n t ,  may b e  s c c o m ~ l i s h ~ d  b o t h  
b y  a l t e r i n g  t h e  d e a d  : - i se  a n d  t h e  " f i n e n n s s R  o f  t h e  how 
s s c t i o n s .  I n c r c i i s i n p  e i t 3 e r  o f  f h p s e  d e c r e a s n s  t h e  buoy- 
a n c y  o f  t h c  f o r s h o d y  nrid c o c e e ; L c n t l y  r e d u s a s  t h e  t r i m  
a n g l e .  Bo th  o f  t h e s o  clnRiiFes i T z r o v n  t h e  s n r a y  c h a r a c t e r -  
i s t i c s ,  however ,  a n 3  % h e r s f o r e  more t h a n  o f f s e t  ~ n y  d e l -  
t e r i o u s  e f f e c t  o f  d O c r e a s i n g  t h e  t r i p ,  a s  s u c h .  

The c o n c l u s i o n  t h a t  rrn i n c r e n s n  o f  tr!m Q ~ E P ~ P  d o e s  
n o t  n e c e s s R r i l y  r e s u l t  i n  r e d u c e d  spray, a n d  v i c e  v e r s a . ,  
i s  conf i rmed  b v  t h e  f a c t  t h a t  14odel No .  339-lS h a d  just  
a b o u t  t h e  h i g h e s t  s t a t i c  t r im o f  a n y  o f  t h c  models  t e s t e d  
a n d  a l s o  had  t h e  w c r s t  s p r a y  c h a r a c t e r i s t i c s .  On t h e  
o t h e r  hand ,  t h e  s p r % y  h e i g h t  c a n  D r o b n b l y  b e  d e c r e a s e d  
w i t h  any  r i v e n  bow form b y  i n c r e a s i n g  t h g  s t a t i c  t r i m ,  a t  
l e a s t  when t h e  f o r m  u n d e r  c o n s i d e r ~ t i o n  h a s  r e a s o n a b l y  
b3d s p r a y  c h a r a c t e r i s t i c s .  

G e n e r a l  D i s c u s s i o n  

T h e  r e a l l y  marked b e n e f i t s  o b s e r v e d  i n  r o d - u c t i o n  o f  
bow s p r a y  i n  t h e s e  t e s t s  a r3  all d u e  t o  c h a n g e s  i n  t h e  h u l l  
f o r m ,  r a t h e r  t h a n  t o  c ' n ~ n g e s  o f  l o a d  o r  t r i F ,  a n d  ~ s r t i c -  
u l a r l y  t o  chanFes  i n  t h e  f o r e b o d y ,  e s p e c i a l l y  t h e  f o r w a r d  
q u a r t e r  o r  l e s s  o f  t h e  f o r e b o d j r .  The i m p o r t a n c e  of t h e  
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bow s - c t i o n s  of  t h e  f o r e b o d y  c a n  be  most r e a d i l y  s e e n  
f rom t h e  r e s u l t s  o b t a i n e d  w i t h  Model B o .  3 3 9 ~ 4 7 ,  wh ich  
had  o n l y  a few i n c h e s  o f  t h e  bow chanped and  showed R 
c o n s i d e r a b l e  improvement o v e r  i t s  p a r e n t ,  Model No .  739-1 .  
The c o n c e p t i o n  t h a t  t h e  f o r w a r d  p a r t  c f  t h e  f o r e b o d s  i s  
a l l  t h a t  h a s  t o  b e  c o n s i d e r e d  i n  d p s i g n i n g  a h u l l  f o r  
good pe r fo rmnnce  i n  rough w a t e r  a t  l o w  s ~ ~ t e d s  i s  a v e r y  
u s s f u l  one.  Development  work may n r o c e e d  on t h e  o t h e r  
hydrodynamic  c h x r a c t e r i s t i c s  o f  t h e  r e a r  h q l f  of t h e  
f o r e b o d y  w i t h o u t  D a r i n g  a n y  D a r t i c u l a r  a t t e n t i o n  t o  t h e  
bow s e c t i o n ,  o r  v i c e  v e r s a .  T e s t s  c o n d u c t e d  azt S t e v e n s  
I n s t i t u t e  of Techno logy  f o r  t h e  N a , t i o n a l  A d v i s o r y  Z o n m i t t e e  
f o r  A e r o n a u t i c s  h a v e  showrt t h a t  t h e  f i r s t  t w o  beam l e n g t h s  
o r  s o  of  t h e  f o r e b o d y  ahead  of t h e  mRin s t e p  nppear  t o  con- 
t r o l  t h e  hump r e s i s t a n c e  a n d  t h e  h i p h - s p e e d  l o w e r - l i m i t  
p o r p o i s i n g  c h a r R c t = r i s t i c s  of R h u l l .  I t  a p n e a r s ,  t h e r o -  
f o r e ,  t h a t  t h e  f o r e b o d y  mny b e  d i v i d e d  i n t o  t w o  h a l v c s  
f r o m  t h e  d e s i g n  s t a n d p o i n t .  The f o r w a r d  h n l f  c a n  b e  de- 
s i g n e d  f rom t h e  p o i n t  o f  view o f  t h s  l o w - s ~ e e d  rough-  
w a t e r  c h a r n c t e r i s t i c s  p r i m a r i l y ,  and  t h e  a f t e r  h a l f  of 
t h e  f o r e b o d y  f r o m  t h e  ~ o i n t  of viqw of t h e  humu r e s i s t a n c e  
nnd l o w e r - l i m i t  p o r n o i s i n e  c h ~ . ~ n c t e r i s t i c s .  I n  d e s i g n i n g  
t h e  f o r w a r d  par t  of t h e  f o r e b o d y  t o  r e d u c e  s n r n y  a t  t h e  
w i n d s h i e l d ,  c a r e  s h o u l d  b e  taken t o  s e l e c t  A form w h i c h  
w i l l  g i v e  e a s y  e n t r y  i n t o  waves e n c o u n t e r e d  head-on.  

T h e r e  i s  v e r y  e o o d  q u a l i t a t i v e  Ftereement be tween  t h e  
t e s t e ,  h e r e  r e p o r t e d  a n d  nvnila3le fu .11 - sca l e  d a t a .  F o r  
i n s t a n c e ,  Model N o .  441-1, wh ich  r e p r e s e n t s  t h o  XPSS-1, 
shows up v e r y  w e l l ;  w h i l e  no e x a c t  i n f o r m a t i o n  i s  a t  hand 
r e g a r d i n g  t h e  f l y i n g  boat, i t  w a s  r e D o r t e d  t o  be q u i t e  
s a t i s f a c t o r y  i n  waves a t  t a x y i n g  s p e i d s .  Model N o ,  339-1,  
w h i c h  r e p r e s e n t s  t h e  XPB2M-1, i s  n o t  e n t i r e l y  s a t i s f a c t o r y  
a n d  w a t e r  somet imes  g e t s  o n t o  t h e  model w i n d s h i e l d  u n d e r  
c e r t a i n  c o n d i t i o n s ;  f u l l - s c s l e  e x p e r i e n c c !  b o a r s  out  t h i s  
i n d i c a t i o n .  These  t w o  s p e c i f i c  exqmFles i n d i c a t e  t h a t  
c o n f i d e n c e  may b e  p l a c e d  i n  t h e  p r e s e n t  t e s t  r e s u l t s ,  
s i n c e  t h e  model t e s t s  are i n ’ a e r e e m e n t  w i t h  f u l l  s c a l e  
b o t h  i n  a n  i n s t a n c e  o f  s a t i s f a c t o r y  bow-spray  c h a r a c t e r i s -  
t i c s  a n d  i n  a n  i n s t a n c e  of  u n s a t i s f a c t o r y  bow-spray  c h a r -  
a c t  e r  i s  t i c s  . 

co N G L U S  I O N  s 

1. The t e s t s  i n d i c a t e  t h a t  t h e  h e i g h t  and  t h e  volume 
of  s p r a y  a t  t h e  w i n d s h i e l d  may b e  r e d u c e d  by :  



3. 6 

a )  I n c r e a s i n g  t h e  h u l l  l e n g t h .  I t  seems c l e a r  
t h a t  when t h i s  i s  done t h e  change  i n  t h e  
f o r e b o d y  l e n g t h  i s  much more i m p o r t s n t  t h a n  
t h e  change  i n  t h e  a f t e r ’ u o d y  l e n g t h .  I n c r a s s -  
i n g  t h e  fore’aody l e n g t h  r e d u c e s  t h e  d r a f t  2nd 
s t r a i g h t e n s  t h e  b u t t  o c k e .  

b) I n c r e a s 5 n g  t h e  s h a r p r i e s s  2f t h e  ‘cow l i n e s  be low 
t h e  c h i n e ,  w i t h  o r  w i t h o u t  p ronounced  c h i n e  
f l r t r e .  T h i s  may b e  a c c o m p l i s h e d  b y  i n c r e a s -  
i n g  t h e  d e a d  r i s e  a n g l e s  i n  t h e  v i c i g i t y  o f  
t h e  bo!$ o r  by s h s r - p e n i n g  t h e  w a t e r  l i n e s .  
3 0 t h  char .gcs  e z s e  t h e  e n t r y  o f  t h e  bow i n t o  
t h e  w a v e s .  

c )  I n c r e a s i n g  t h e  s t a t i c  trim a n g l e  whan t h o  bow 
f o r m  i s  s u c h  t h s t  r e l a t i v e l y  bad  s p r a y  o t h e r -  
v i s e  o c c u r s .  S y  r a i s i n g  t h a  bow t h e  p o i n t  g f  
imppct  i s  moved s o m s ~ h a t ,  s n 4  a t  t h e  same 
t i u e  t h e  f o r c e  o f  t h e  impact  w i t h  t h e  oncom- 
i n ?  w a v e s  i s  r e d u c e d .  

d )  Dec i*oas ing  t h e  s t a t i c  Gb, which  h a s  e f f e c t s  
sir ; i lar  t o  thgsi!  :rotad u n d e r  ( c )  a b o v e .  

i) 

2 .  The l e rgcs ’ ;  b s n e Z i t s  o b s e r v e d  are a l l  due t o  
c h a z g e s  o f  t h 3  f o r c b o d y  f o r a  s.-1.~6 e s ~ ~ c i a l l y  t o  t h e  f o r w a r d  
p a r t  o f  t h e  f o r o b o d y .  T h i s  i s  p a r t i c u l a r l y  i m p o r t a n t  i n  
t hat 5 t a-pp e a: s t h a t  s a t  i s f a  c t o r  y b oin+ sp r a;f chp- r d c t o r i s t i c s 
a a y  bc o b t a i n a d  w i t h o u t  c o q ~ r o n i  s i n g  t h e  p l a n i x g  c h n r a c t s r -  
i s t i c s .  F u r t h e r ,  i r ,  g e n e r a l ,  a n y  chp-nge :vhich s o f t a n s  thd  
i n p a c t  b e t w e o n  h u l l  acd.  :vavss tsnds t o  r e 2 u c a  t h e  spray 
t h rown  o n t o  t h t :  w i n d s h i e l d  at; low s y o a d s .  

1 h x p e r i a e n t a l  Toicing Tank,  
S t e v e n s  I n s t i t u t e  o f  T e c k n o l o g y ,  

Eoboken,  ??. J., Aagus t  1345 .  



17 

1. Loclie,  I?. W. S., J r . ,  2 n d  B o t t ,  H e l e n  L,: A I k t h o d  
f o r  Naking Q u a n t i t a t i v e  S t u r l i c s  or" t h e  :;:tin S p r 2 y  
C h a r n c t c r i s t  i c s  of Flying-Bont  Hull  I'llodols , N.AC;L 
k R 3  130. 3Kl1, X O P .  1943. 

2, L o c k c ,  F. W .  S., Jr . :  Gencra.1 P o r p o i s i n g  T c s t s  cf 
Flyizg-Bant--Yull  Mod.ols . i U C k  AB2 B o .  3117 S c p t .  
1943. 

3. 3 c v i d s o n ,  ICcnnoth S. I.!., 9nci L o c h ,  F. tc'. 3. Zr.: 
So!ae Sys 'Yocn. t ic  !io?-ol S x g c r i 1 ~ c r t s  OD. t h o  P o r p o i s i i l g  
Characteristics of $lying-Boat Hulis. G. CA ARR 
iTo. 33'1.2 , Juno 1943, 
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